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OBJECTIVE: The aim of this study was to investigate the possible effects of electromagnetic radiation from 
conventional cellular phone use on the oxidant and antioxidant status in rat blood and testicular tissue and 
determine the possible protective role of vitamins C and E in preventing the detrimental effects of electromagnetic 
radiation on the testes. 

MATERIALS AND METHODS: The treatment groups were exposed to an electromagnetic field, electromagnetic field 
plus vitamin C (40 mg/kg/day) or electromagnetic field plus vitamin E (2.7 mg/kg/day). All groups were exposed to 
the same electromagnetic frequency for 15, 30, and 60 min daily for two weeks. 

RESULTS: There was a significant increase in the diameter of the seminiferous tubules with a disorganized 
seminiferous tubule sperm cycle interruption in the electromagnetism-exposed group. The serum and testicular 
tissue conjugated diene, lipid hydroperoxide, and catalase activities increased 3-fold, whereas the total serum and 
testicular tissue glutathione and glutathione peroxidase levels decreased 3-5 fold in the electromagnetism-exposed 
animals. 

CONCLUSION: Our results indicate that the adverse effect of the generated electromagnetic frequency had a 
negative impact on testicular architecture and enzymatic activity. This finding also indicated the possible role of 
vitamins C and E in mitigating the oxidative stress imposed on the testes and restoring normality to the testes. 
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INTRODUCTION 

Radiofrequency (RF) fields are part of the electromagnetic 
spectrum and are generally defined as covering the range of 
frequencies from 100 kHz to 300 GHz. Mobile phones 
communicate by transmitting radiofrequency waves, which 
are electromagnetic fields and, unlike ionizing radiation 
(e.g., X-rays and gamma rays) cannot break chemical bonds 
or cause ionization in the human body. 

Given the large number of mobile phone users, investi- 
gating, understanding, and monitoring any potential public 
health impacts of mobile phone use are important. To date, 
the adverse health effects of mobile phone use are debatable. 
Partly in response to public concerns, a number of research 
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studies on the potential health effects of electromagnetic 
fields (EMFs) have been performed in Europe, North 
America, and elsewhere. Studies to assess the potential 
long-term effects of mobile phone use are ongoing. The 
exact mechanism of the EMF interactions is not well 
understood, although a few studies have suggested the 
involvement of lipid peroxidation and free radical forma- 
tion (1), as well as biochemically induced oxidative stress. 

There have been many scientific studies warning about 
the adverse biological effects of this type of electromagnetic 
radiation (EMR) on the health of humans, animals, and 
birds (2-4). Although the radio waves of cellular phones do 
not have enough energy to cause the ionization of atoms 
and molecules, the recent concerns over long-term exposure 
to the electromagnetic radiation emitted by mobile phones 
should be taken more seriously given the growing trend 
toward deterioration of the male germ line (spermatogen- 
esis and sperm maturation) (5). A high-quality, more recent 
epidemiological animal study was conducted by the 
Technical Working Group (TWG) on the health effects of 
EMFs (6). 
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Electromagnetic radiation is one of the environmental 
toxicants that are capable of compromising male fertility by 
inducing a state of oxidative stress in the testes. 

Consequently, there is an urgent need to identify 
antioxidants that can supplement the tissue's own antiox- 
idant strategies to rescue the testes from the consequences of 
a ROS attack. Therefore, this study has been performed to 
clarify the activities of some free radical scavenger enzymes 
in the blood and testicular tissue and the possible protective 
role of vitamins C and E after mobile phone-induced 
testicular impairment. 

MATERIALS AND METHODS 

Animals 

The study population comprised 120 male Wister albino 
rats (body weight, 200 ±20 grams) that were obtained 
from the Experimental Animal Center of the College of 
Pharmacy, King Saud University in Riyadh, Saudi Arabia. 
The procedures used for animal care and housing were 
in accordance with the U.S. Department of Agriculture 
through the Animal Welfare Act (7USC 2131) of 1985 and 
the Animal Welfare Standards incorporated in 9 CFR Part 3, 
1991. The rats were maintained under standard laboratory 
conditions in an air-conditioned room, where the tempera- 
ture was maintained at 25 °C with constant humidity (40- 
50%), and kept on a 12/ 12-hour light/ dark cycle throughout 
the experiment. They were provided with standard food 
pellets and water ad libitum. They were randomly divided 
into two main groups, the control and exposure groups, as 
follows: 

Control groups 

Control group (without stress and with the EMR exposure 
device turned off) (n = 10) 

Standard food pellets + vitamin C (40 mg/kg/day)- 
treated group (n = 10) 

Standard food pellets + vitamin E (2.7 mg/kg/day)- 
treated group (n = 10) 

Experimental EMR-exposed groups 

EMR-exposed (n = 30) 

EMR-exposed + vitamin C (40 mg/kg/ day)-treated group 
(n = 30) 

EMR-exposed + vitamin E (2.7 mg/kg/day)-treated 
group (n = 30) 

Every ten rats were placed in a separate cage to avoid the 
stress of isolation or overcrowding. The duration of the 
exposure was 15, 30, and 60 min/day for 14 consecutive 
days for each of the six groups. At the end of each 
experimental period, ten animals from each group were 
sacrificed under mild diethyl ether anesthesia. Blood 
samples were taken from the retro-orbital venous plexus 
and centrifuged at 700 g for 30 min. The clear, non- 
hemolyzed supernatant sera were quickly removed and 
kept at — 20°C for further biochemical analysis. In addition, 
the testes were homogenized in an isotonic solution and 
kept at — 20 °C for further biochemical investigations 
conducted to estimate the anti-oxidant parameters. 

Whole-body exposure to electromagnetic radiation 

In the EMR exposure room, there were no other metal or 
ferromagnetic materials around the clean benches that would 
change the structure of the electromagnetic field. The use of 



any EMR-emitting device (such as an extra cellular phone, 
centrifuge, fluorescent light ballasts, and computers) was not 
allowed so that the EMR generated by any of this equipment 
would not interfere with the experimental environment (7). 
The groups were separated from each other, with the control 
group isolated far from the source of the EMR. The EMR- 
exposed animal group was taken to the exposure room and 
then exposed to the EMR emitted by a commercially available 
GSM cellular phone (900/1800/1900 MHz, 2-W peak power, 
average power density of 0.02 mW/cm 2 at a specific 
absorption rate of approximately 0.9 W/kg). The distance 
between the phone and the rats was 50 cm. The rats were 
placed in Plexiglas cages with drilled ventilation holes of cm 
0 that were attached with a mobile phone hand set (8). The 
control animals were exposed to a mobile phone without a 
battery in similar cages for the same period in a separate but 
similar room. 

Biochemical assays to determine oxidative stress 

Several oxidation-related analytes were assayed to inves- 
tigate a range of oxidative changes potentially associated 
with EMR exposure. To estimate the different oxidative 
stress parameters and the anti-oxidant enzymes, a portion of 
the testes (0.25 g) was freeze-clamped, crushed at liquid 
nitrogen temperature, ice-cooled, homogenized in 2.5 ml of 
phosphate buffer (pH 7.4), and then centrifuged at 30,000 g 
for 15 min at 4°C. The supernatant was collected and 
preserved at — 20 °C until use. Total glutathione (GSH; 
CS0260 Sigma-Aldrich, St. Louis, MO, USA), glutathione 
peroxidase (c-GPx; CGP1-1KT Sigma-Aldrich), and catalase 
(CAT; CatlOO-lKT Sigma-Aldrich) levels were measured. In 
the course of our investigation of radiation-induced oxida- 
tion, we measured two indexes of peroxidation, namely 
conjugated dienes (CD; performed according to the method 
of Girotti et al. (9)) and hydroperoxides (LIP Di; Peroxi- 
Detect kit [PD1, Sigma-Aldrich]). 

Conjugated diene determination 

Conjugated dienes (CD) were assayed as a measure of 
early lipid oxidation, and thiobarbituric acid-reactive sub- 
stances (TBARS) were assayed as an indicator of later 
aldehyde formation. The conjugated diene concentrations 
were determined with a modified assay (9). 

Histopathology 

Testis tissues were submitted for histological and mor- 
phologic examinations using conventional methods and 
were stained with hematoxylin and eosin. 

Statistical analysis 

The data were analyzed using analysis of variance 
(ANOVA; 30), followed by LSD analysis to evaluate the 
variations between groups and for multiple comparisons 
among different groups. The results are expressed as the 
means + SD. Values of p>0.05 were considered statistically 
insignificant, whereas values of p<0.05 were considered 
statistically significant. 

RESULTS 

Histopathological alterations 

The testis sections in the three control groups revealed 
that the seminiferous tubules consist of several layers of 
epithelial cells (Figure 1). The cuboidal spermatogonia cells 
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Figure 1 - Section of rat testis showing the normal seminiferous 
tubules, interstitium, spermatids and spermatogenic cells at 
different stages of development. H&E x400. 

have clear cytoplasm and rounded nuclei, which may show 
division. Sertoli cells are large epithelial cells that have a 
vesicular nucleus with a large nucleolus. Next to the 
spermatogonia cells is a zone of spermatocytes, the nuclei 
of which are usually in mitotic division. A large number of 
small cells, the spermatids, are seen external to the 
spermatocytes. The spermatids then further develop into 
spermatozoa. The latter usually lie in groups with their 
heads projecting between the deeper cells and are connected 
with one of the Sertoli cells of the lining epithelium. 

In contrast, in the sections of testis exposed to EMR, the 
histopathological changes in the testis exhibited degenerative 
changes and high levels of mitotic division after 14 days of 
exposure (Figures 2 and 3). The sections show degeneration in 
the seminiferous tubules with the complete absence of 
spermatozoa, and some spermatogonic nuclei also show 
karyomegaly and a high incidence of mitotic divisions. In the 
EMF group, the diameter of the seminiferous tubules was 
significantly increased compared with the normal unexposed 
EMR rat testicular architecture, whereas the mean height of 




Figure 3 - Photomicrograph of the marked regenerative effect of 
protective treatment with vitamin C showing normal seminifer- 
ous tubules, spermatocytes and spermatids. H&E x100. 

the germinal epithelium was significantly decreased. A 
reduction in the spermatid numbers within the lumen of 
the seminiferous tubules, marked mitotic divisions and 
pyknosis of some spermatogonic nuclei were observed in 
the testis sections after a two-week exposure to EMR. 

However, supplemental treatment with vitamin C or E for 
two weeks had a marked regenerative effect on the histo- 
pathological features of the seminiferous tubules (Figures 3 
and 4), causing a significant decrease in the effects of EMR. 

Biochemical changes 

The concentrations of the oxidative markers in the blood 
and testicular tissue at the end of each treatment period are 
shown in Tables 1 and 2. The changes in the levels of blood 
GSH, c-GPx, CD, LIP Di, and CAT are reported in Table I. 
The levels of GSH and GPx were significantly elevated in all 
of the EMR-exposed groups compared with the control 
group, whereas the levels of CD, LIP Di, and CAT were 
decreased. In contrast, the levels of GSH, c-GPx, CD, LIP Di, 
and CAT in the vitamin C- and E-supplemented groups 
were significantly (p<0.05) lower than those in the EMR- 
exposed groups. Vitamins C and E seemed to provide 



Damaged 




Figure 2 - Photograph of a section of rat testis exposed to EMR 
for 60 minutes showing the damaged spermatocytes and 
spermatids, marked mitotic divisions and pyknotic nuclei of 
some spermatogonia, widening of the seminiferous tubular 
lumen and absence of spermatozoa within the lumen. H&E x100. 




Figure 4 - Magnified photograph of a section of testis after the 
protective treatment with vitamin E for two weeks showing 
remarkable regenerative features. H&E x400. 
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significant protection against the oxidative stress induced 
by the exposure of the rats to EMR. 

The changes in the levels of GSH, c-GPx, CD, LIP Di, and 
CAT in the testicular tissue homogenates are provided in 
Table 2. The GSH level and GPx activity decreased 
significantly (p<0.05) in the EMR-exposed rats compared 
with the control group. The percentage decrease ranged 
from 64.6 to 26.0%. In contrast, the levels of CD, LIP Di and 
CAT increased significantly in the EMR-exposed rats 
compared with the control group. However, the protective 
effect of vitamins C and E was evident from the increased 
activities of GSH and c-GPx in the irradiated testicular 
tissue, which reached normal levels. Moreover, the levels of 
CAT and the two markers of lipid peroxidation, CD and LIP 
Di, were significantly decreased in the irradiated testicular 
tissue of the supplemented vitamin groups, which reached 
normal levels. The protective effect of vitamins C and E was 
evident from the increased activity of GSH and c-GPx and 
decreased levels of CD, LIP Di, and CAT to approximately 
normal values in the testicular tissue. 

DISCUSSION 

Mobile phones create an EMF around them when in use, 
thus increasing the electromagnetic contamination, also 
known as "electrosmog", in the vicinity. In response to 
public and governmental concern, the WHO established the 
International Electromagnetic Fields (EMF) Project in 1996 to 
assess the scientific evidence of the possible adverse health 
effects of the electromagnetic fields and to conduct a formal 
health risk assessment of radiofrequency field exposure by 
2012 to fill these knowledge gaps (10). Biological systems are 
affected by microwave radiation primarily due to the 
resulting increase in temperature, i.e., thermal damage (11), 
although non-thermal effects have also been studied (12). The 
cellular target of EMF is still controversial. Recent studies on 
human semen have suggested an increased production of 
ROS in human semen due to cell phone radiation (13,14). An 
analysis of antioxidant enzymes glutathione peroxidase and 
superoxide dismutase showed a decrease, while an increase 
in catalase was observed. Malondialdehyde showed an 
increase and histone kinase showed a significant decrease 
in the exposed group. Micronuclei also show a significant 
decrease in the exposed group. A significant change in sperm 
cell cycle and were recorded. Generation of free radicals was 
recorded to be significantly increased. The findings of Kesari 
et al. (15) on antioxidants, malondialdehyde, histone kinase, 
micronuclei, and the sperm cell cycle are clear indications of 
an infertility pattern that is initiated due to an overproduc- 
tion of reactive oxygen species. They also concluded that 
radiofrequency electromagnetic waves from commercially 
available cell phones may affect the fertilizing potential of 
spermatozoa. 

There is evidence from several high-quality studies 
published before 2000 suggesting a lack of effects on 
testicular function in experimental animals provided that 
the exposures do not induce hyperthermia. The responses to 
RF fields are identical to those induced by heating using 
conventional means. Very few recent studies have 
addressed this issue, and these studies mostly support the 
conclusion that male fertility and testicular function are not 
affected in the absence of hyperthermia (16-19). 

In contrast, several authors stated that electromagnetic 
waves have a wide range of damaging effects on the male 
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reproductive system and sperm parameters and cause 
significant changes in the sperm cell cycle (15-24). 

ROS are continuously neutralized by antioxidants present 
in body tissues (25). Whenever the production of ROS 
exceeds the scavenging capacity of antioxidants, oxidative 
stress (OS) will result (26). In 1992, researchers found that 
electromagnetic fields increase the free radical activity in 
cells (27). Within the last decade, in vivo animal studies have 
shown that OS develops in response to cell phone radiation 
(28-32). EMR may disturb ROS metabolism by increasing 
the production of ROS or by decreasing the activity of 
antioxidant enzymes. The capability of EMR to induce 
oxidative stress in the testes strongly suggests that the testis 
is a vulnerable tissue that is highly dependent on oxygen to 
drive spermatogenesis and yet highly susceptible to the 
toxic effects of reactive oxygen metabolites; in this context, 
the testis is very similar to the brain. 

In an analysis of antioxidant enzymes, Kesari et al. (15) 
found a decrease in GSH and an increase in catalase. The 
group exposed to EMR exhibited an increased level of 
malondialdehyde, a result that was also evident in our study. 
However, studies designed to measure malonaldehyde 
(MDA) levels have shown conflicting results (16,18,29,31,33). 

Our findings demonstrate that the exposure of male rats 
to EMR emitted by mobile phones alters the enzymatic 
activity in the blood and testicular tissue. Bediz et al. (34) 
suggested that long-term exposure to low-frequency EMR 
increases lipid peroxidation in the brain and other body 
organs. Our results are in partial agreement with the 
findings of other studies (34-36). 

Some authors have shown that electromagnetic fields 
(EMFs) penetrate living organisms and alter the cell mem- 
brane potential (37). This alteration may affect free-radical 
processes within the cell and alter the activities of antioxidant 
enzymes, particularly CAT and c-GPx, in different organs. At 
the level of the testes, oxidative stress is capable of disrupting 
the steroidogenic capacity of Leydig cells (38) and the capacity 
of the germinal epithelium to differentiate normal spermato- 
zoa (39). Many studies have indicated that EMR decreases 
the size of the testicular organs and the diameter of the 
seminiferous tubules (16,33,40-42). However, a study by 
Ribeiro et al. (18) and a follow-up study by Dasdag et al. 
(43) could not find any significant adverse effects of cellular 
phones (1835-1850 MHz) on the rat testis. Wang et al. (44) 
suggested that RF-EMR may change the permeability of the 
blood-testis barrier. RF-EMR-mediated ROS formation can 
lead to heat shock protein (hsp) production and phosphoryla- 
tion, which can alter the secretion of growth factors and 
mediate an increase in the blood-testis barrier permeability, as 
suggested by Desai et al. (26). 

Although the testes clearly do possess highly specialized 
antioxidant defensive enzymes, there are clear benefits to be 
gained by treating susceptible individuals with exogenous 
antioxidants. A variety of antioxidants have been assessed for 
their ability to counteract EMR-induced oxidative stress in 
the testes. To determine the relative potential of different 
antioxidants to counteract oxidative stress in the testes, the 
exposure of the rats to EMR for different periods and the use 
of vitamins C and E as defensive agents involved the 
application of antioxidant therapy prior to or in conjunction 
with the creation of a brief period of oxidative stress and the 
subsequent comparison of various testicular attributes (lipid 
peroxidation, histopathology, and antioxidant enzyme sta- 
tus) with those of the controls. In the present study, vitamins 
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C and E, when given as a supplement in conjunction with the 
EMR exposure, were shown to effectively protect the testes 
from the oxidative damage created by the exposure to EMR 
and significantly suppress the oxidative DNA damage 
induced in the rat testicular cells. 

Vitamins C and E are powerful antioxidants that are vital 
for the maintenance of mammalian spermatogenesis and 
that counteract the testicular oxidative stress induced by 
pro-oxidant exposure (45-51). Vitamin E has also been 
shown to suppress lipid peroxidation in testicular micro- 
somes and mitochondria (52,53) and to reverse the detri- 
mental effects of oxidative stress on testicular function 
(45,49,54-59). Studies have demonstrated that antioxidants, 
such as melatonin, caffeic acid phenyl ester, vitamin C and 
vitamin E, prevent the oxidative stress and apoptosis caused 
by EMR in animal tissues (28,29,41,60,61). This prophylactic 
treatment could thus be used to counteract the observations 
recorded by Mailankot et al. (62), who found that rats 
exposed to mobile phone emissions for 1 hour a day for 28 
days had impaired semen quality that may impair male 
fertility because the RF-EMR exposure resulted in a 
significant increase in lipid peroxidation and a low GSH 
content in the testis and epididymis. Notably, pulsed 
electromagnetic field (PEMF) therapy was recently used as 
a scavenging agent to combat oxidative stress (63). PEMF is 
generated by many medical devices used in medical 
therapies. Therefore, the issue of whether vitamins C and 
E could be used along with PEMF to relieve the adverse 
effects of EMR remains to be elucidated. 

In summary, EMR has a negative effect on testicular 
function through the induction of oxidative stress and the 
concomitant disruption of the testicular antioxidant status. 
Given the importance of vitamins C and E in this defensive 
strategy, the ability of antioxidants, such as vitamins C and 
E, to ameliorate this pathology confirms their importance in 
overcoming oxidative stress in this context. Vitamins C and 
E ameliorate the EMR-induced oxidative stress in the testes, 
thus facilitating the restoration of testicular tissue morphol- 
ogy and function by suppressing testicular lipid peroxida- 
tion and restoring the levels of GST and GSH to normal 
physiological levels. 

AUTHOR CONTRIBUTIONS 

The author was solely responsible for the entire experiment, which 
included planning and performing the experiments and writing and 
revising the manuscript. 

REFERENCES 

1. Watanabe Y, Nakagawa M, Miyakoshi Y. Enhancement of lipid 
peroxidation in the liver of mice exposed to magnetic fields. Ind. 
Health. 1997;35(2):285-90, http://dx.doi.org/10.2486/indhealth.35.285. 

2. Marks TA, Ratke CC, English WO. Stray voltage and developmental, 
reproductive and other toxicology problems in dogs, cats and cows: a 
discussion. Vet. Hum. Toxicol. 1995;37{2):163-72. 

3. Ldscher W, Kas G. Conspicuous behavioural abnormalities in a dairy 
cow herd near a TV and radio transmitting antenna. Prakt. Tierarzt. 
1998;79(5):437-^4. 

4. Hyland GJ. Physics and biology of mobile telephony. The Lancet. 
2000;356(9244):l-8. 

5. Aitken RJ, Koopman P, Lewis SEM. Seeds of concern. Nature. 
2004;432:48e52, http://dx.doi.org/10.1038/432048a. 

6. Marino C. EMF-ET. NEffects of the exposure to electromagnetic fields: 
From science to public health and safer work place. Project no. SSPE-CT- 
2004-502173 Instrument: Co-ordination action Thematic Priority: Priority 8, 
Policy Oriented Research - Area 2.3, Call Identifier FP6-2002-SSP-1 WP2.2 
Deliverable report D4bis: Effects on reproduction and development. 
Organisation name of lead contractor for this deliverable: ENEA - Ente per 



le Nuove tecnologie, l'Energia e l'Ambiente (ENEA), Section of Toxicology 
and Biomedical Sciences, Roma, Italy 2007. 

7. Erogul O, Oztas E, Yildirim I, Kir T, Aydur E, Komesli G, et al. Effects of 
Electromagnetic Radiation from a Cellular Phone on Human Sperm 
Motility: An In Vitro Study. Arch. Med. Res. 2006;37(7):840-3, http:// 
dx.doi.org/10.1016/j.arcmed.2006.05.003. 

8. Kavindra K, Kesari JB. Whole body 900 MHz radiation exposure effect on 
enzyme activity in male wistar rats. Available at: http://wifiinschools. 
org.uk/resources/Kesari+and+Behari+.pdf {cited date: July 15 2010). 

9. Girotti MJ, Khan N, McLellan BA. Early measurement of systemic lipid 
peroxidation products in the plasma of major blunt trauma patients. J. 
Trauma 1991;31(l):32-5. 

10. WHO. Electromagnetic fields and public health: mobile phones. Fact 
sheet No. 193. World Health Organization, Geneva, Switzerland 2010. 

11. Stuchley MA. Biological effects of radiofrequency fields in M.H. 
Repacholi (Ed) Non-Ionizing Radiations, Physical characterization, 
Biological effects and Health Hazard Assessment. Proceeding for the 
International Non-Ionizing Radiation Workshop, Melbourne, 1988,pp. 
197-217. 

12. Kunjilwar KK, Behari J. Effect of amplitude-modulated radio frequency 
radiation on cholinergic system of developing rats. Brain Res. 1993;601(1- 
2):321-4, http://dx.doi.org/10.1016/0006-8993{93)91729-C. 

13. Agarwal A, Fnu Deepinder HCLD, Sharma RK, Ranga G, Li J. Effect of 
cell phone usage on semen analysis in men attending infertility clinic: an 
observational study. Fertil Steril. 2008;89(l):124-8, http://dx.doi.org/ 
10.1016/j.fertnstert.2007.01.166. 

14. De Iuliis GN, Newey RJ, King BV, Aitken RJ. Mobile phone radiation 
induces reactive oxygen species production and DNA damage in human 
spermatozoa in vitro. PLoS One. 2009;4(7):e6446, http://dx.doi.org/ 
10.1371/journal.pone.0006446. 

15. Kesari KK, Kumar S, Behari J. Effects of Radiofrequency Electromagnetic 
Wave Exposure from Cellular Phones on the Reproductive Pattern in 
Male Wistar Rats. Appl. Biochem. Biotechnol. 2011;164(4):546-59, http:// 
dx.doi.org/ 10. 1007/sl2010-010-9156-0. 

16. Dasdag S, Akdag MZ, Aksen F, Yilmaz F, Bashan M, Dasdag MM, et al. 
Whole body exposure of rats to microwaves emitted from a cell phone 
does not affect the testes. Bioelectromagnetics. 2003;24{3): 182-8, http:// 
dx.doi.org/10.1002/bem.10083. 

17. Forgacs Z, Somosy Z, Kubinyi G, Bakos J, Hudak A, Surjan A, et al. Effect 
of whole-body 1800MHz GSM-like microwave exposure on testicular 
steroidogenesis and histology in mice. Reprod. Toxicol. 2006;22(l):lll-7, 
http://dx.doi.Org/10.1016/j.reprotox.2005.12.003. 

18. Ribeiro EP, Rhoden EL, Horn MM, Rhoden C, Lima LP, Toniolo L. 
Effects of subchronic exposure to Radio Frequency from a conventional 
cellular telephone on testicular function in adult rats. J. Urol. 
2007;177(l):395-9, http://dx.doi.org/10.1016/jjuro.2006.08.083. 

19. Sommer AM, Grote K, Reinhardt T, Streckert J, Hansen V, Lerchl A. 
Effects of Radiofrequency Electromagnetic Fields (UMTS) on 
Reproduction and Development of Mice: A Multi-generation Study. 
Radiat. Res. 2009;171(l):89-95, http://dx.doi.Org/10.1667/RR1460.l. 

20. Zavaczki FZ, Szollosi J, Koloszar S, Daru J, Kovacs L, Pal A. Is there a 
relationship between cell phone use and semen quality? Arch Androl. 
2005;51(5):385-93. 

21. Derias EMB, Stefanis P, Drakeley A, Gazvani R, Lewis-Jones DI. Growing 
Concern Over the Safety of Using Mobile Phones and Male Fertility. 
Arch. Androl. 2006;52(1):9-14. 

22. Ji-Geng Y, Michael A, Bruce T, Hui YY, Amy G, Hani SM. Effects of 
cellular phone emissions on sperm motility in rats. Fertil Steril. 
2007;88(4):957-64. 

23. Agarwal A, Desai NR, Makker K, Varghese A, Mouradi R, Sabanegh E, 
et al. Effects of radiofrequency electromagnetic waves (RF-EMW) from 
cellular phones on human ejaculated semen: an in vitro pilot study. Fertil 
Steril. 2008;92(4): 131 8-25. 

24. Gutschi T, Al-Ali BM, Shamloul R, Pummer K, Trummer H. Impact of 
cell phone use on men's semen parameters. Andrologia. 2011; http:// 
dx.doi.org/10.1111/j.l439-0272.2010.01075.x 

25. Desai N, Sharma R, Makker K, Sabanegh E, Agarwal A. Physiologic and 
pathologic levels of reactive oxygen species in neat semen of infertile men. 
Fertil Steril. 2009;92(5):1626-31, http://dx.doi.Org/10.1016/j.fertnstert. 
2008.08.109. 

26. Desai NR, Kesari KK, Agarwal A. Pathophysiology of cell phone 
radiation: oxidative stress and carcinogenesis with focus on male 
reproductive system. Review Reprod Biol Endocrinol. 2009;7:114. 
http://dx.doi.org/10.1186/1477-7827-7-114. 

27. Grundler W, Kaiser F, Keilmann F, Walleczek J. Mechanisms of 
electromagnetic interaction with cellular systems. Naturwissenschaften. 
1992;79(12):551-9, http://dx.doi.org/10.1007/BF01131411. 

28. Oktem F, Ozguner F, Mollaoglu H, Koyu A, Uz E. Oxidative damage in 
the kidney induced by 900-MHz-emitted mobile phone: protection by 
melatonin. Arch Med Res. 2005;36{4):350-5, http://dx.doi.org/10.1016/ 
j.arcmed.2005.03.021. 

29. Oral B, Guney M, Ozguner F, Karahan N, Mungan T, Comlekci S, et al. 
Endometrial apoptosis induced by a 900-MHz mobile phone: preventive 
effects of vitamins E and C. Adv. Ther. 2006;23{6):957-73. 



791 



Mobile phone, testes and vitamins C and E 
Al-Damegh MA 



CLINICS 2012;67<7):785-792 



30. Ozguner F, Bardak Y, Comlekci S. Protective effects of melatonin and 
caffeic acid phenethyl ester against retinal oxidative stress in long-term 
use of mobile phone: a comparative study. Mol Cell Biochem. 2006;282(1- 
2):83-8, http://dx.doi.org/10.1007/sll010-006-1267-0. 

31. Balci M, Devrim E, Durak I. Effects of mobile phones on oxidant/ 
antioxidant balance in cornea and lens of rats. Curr. Eye Res. 
2007;32(l):21-5, http://dx.doi.org/10.1080/02713680601114948. 

32. Meral I, Mert H, Mert N, Deger Y, Yoruk I, Yetkin A, et al. Effects of 900- 
MHz electromagnetic field emitted from cellular phone on brain 
oxidative stress and some vitamin levels of guinea pigs. Brain Res. 
2007;1169:120-4, http://dx.doi.Org/10.1016/j.brainres.2007.07.015. 

33. Dasdag S, Ketani MA, Akdag Z, Ersay AR, Sari I, Demirtas OC, et al. 
Whole-body microwave exposure emitted by cellular phones and 
testicular function of rats. Urol Res. 1999;27(3):219-23, http://dx.doi. 
org/10.1007/s002400050113. 

34. Bediz CS, Baltacy AK, Mogulkoc R, Oztekin E. Zinc supplementation 
ameliorates electromagnetic field-induced lipid peroxidation in the 
rat brain. Tohuko J Exp Med. 2006;208{2):133-40, http://dx.doi.org/ 
10.1620/tjem.208.133. 

35. Kula B, Sobczak A, Kuska R. Effect of static and ELF magnetic fields on 
free radical processes in rat liver and kidne. ElectroMagnetobiol. 
2000;19(1):99-105. 

36. Zecca L, Mantegazza C, Margonato V, Cerretelli P, Caniatti M, Piva F, 
et al. Biological effects of prolonged exposure to ELF electromagnetic 
fields in rats: III. 50 Hz electromagnetic fields. Bioelectromagnetics. 
2006;19(l):57-66. 

37. Naziroglu M, Karaoglu A, Aksoy AO. Selenium and high dose vitamin E 
administration protects cisplatin-induced oxidative damage to renal, 
liver and lens tissues in rats. Toxicology. 2004;195{2-3):221-30, http:// 
dx.doi.org/10.1016/j.tox.2003.10.012. 

38. Hales DB, Allen JA, Shankara T, Janus P, Buck S, Diemer T, et al. 
Mitochondrial function in Leydig cell steroidogenesis. Ann NY Acad. 
Sci. 2005;1061:120-34, http://dx.doi.org/10.1196/annals.1336.014. 

39. Naughton CK, Nangia AK, Agarwal A. Pathophysiology of varicoceles 
in male infertility. Hum. Reprod. Update 2001;7(5):473-81, http:// 
dx.doi.org/10.1093/humupd/7.5.473. 

40. Saunders RD, Kowalczuk CI. Effects of 2.45 GHz microwave radiation 
and heat on mouse spermatogenic epithelium. Int J Radiat Biol Relat 
Stud Phys Chem Med. 1981;40(6):623-32, http://dx.doi.org/10.1080/ 
09553008114551611. 

41. Ozguner M, Koyu A, Cesur G, Ural M, Ozguner F, Gokcimen A, et al. 
Biological and morphological effects on the reproductive organ of rats 
after exposure to electromagnetic field. Saudi Med. J. 2005;26(3):405-10. 

42. Salama N, Kishimoto T, Kanayama HO. Effects of exposure to a mobile 
phone on testicular function and structure in adult rabbit. Int. J. Androl. 
2010;33(l):88-94, http://dx.doi.Org/10.llll/j.1365-2605.2008.00940.x. 

43. Dasdag S, Akdag MZ, Ulukaya E, Uzunlar AK, Yegin D. Mobile phone 
exposure does not induce apoptosis on spermatogenesis in rats. Arch. Med. 
Res. 2008;39(l):40-4, http://dx.doi.Org/10.1016/j.arcmed.2007.06.013. 

44. Wang XW, Ding GR, Shi CH, Zhao T, Zhang J, Zeng LH, et al. Effect of 
electromagnetic pulse exposure on permeability of blood-testicle barrier 
in mice. Biomed. Environ. Sci. 2008;21{3):218-21, http://dx.doi.org/ 
10.1016/S0895-3988(08)60032-X. 

45. Sen Gupta R, Sen Gupta E, Dhakal BK, Thakur AR, Ahnn J. Vitamin C 
and vitamin E protect the rat testes from cadmium-induced reactive 
oxygen species. Mol. Cells. 2004;17(l):132-9. 

46. Senthil kumar J, Banudevi S, Sharmila M, Murugesan P, Srinivasan N, 
Balasubramanian K, et al. Effects of Vitamin C and E on PCB (Aroclor 
1254) induced oxidative stress, androgen binding protein and lactate in 
rat Sertoli cells. Reprod. Toxicol. 2004; 19 (2): 20 1-8, http://dx.doi.org/ 
10.1016/j.reprotox.2004.08.001. 

47. Mailankot M, Jayalakshmi H, Dutta S, Chakrabarti A, Vasudevan DM. 
Experimental therapeutic intervention with ascorbic acid in ethanol 
induced testicular injuries in rats. Indian J Exp Biol. 2005;43(2):172-6. 



48. Rao M, Narayana K, Benjamin S, Bairy KL. L-ascorbic acid ameliorates 
postnatal endosulfan induced testicular damage in rats. Indian J Physiol 
Pharmacol. 2005;49(3):331-6. 

49. Sonmez M, Turk G, Yuce A. The effect of ascorbic acid supplementation 
on sperm quality, lipid peroxidation and testosterone levels of male 
Wistar rats. Theriogenology. 2005;63{7): 2063-72, http://dx.doi.org/ 
10.1016/j.theriogenology.2004.10.003. 

50. Chang SI, Jin B, Youn P, Park C, Park JD, Ryu DY. Arsenic-induced 
toxicity and the protective role of ascorbic acid in mouse testis. Toxicol 
Appl Pharmacol. 2007;218(2):196-203, http://dx.doi.org/10.1016/ 
j.taap.2006.11.009. 

51. Aitken RJ, Romanm SD. Antioxidant systems and oxidative stress in the 
testes. Review. Oxidative Med. Cell Longevity. 2008;1:15-24, http:// 
dx.doi.org/10.4161/oxim.l.l.6843 

52. Lucesoli F, Fraga CG. Oxidative stress in testes of rats subjected to 
chronic iron intoxication and alpha-tocopherol supplementation. 
Toxicology. 1999;132(2-3): 179-86, http://dx.doi.org/10.1016/S0300-483X 
(98)00152-8. 

53. Gavazza MB, Catala A. The effect of alpha-tocopherol on lipid 
peroxidation of microsomes and mitochondria from rat testis. 
Prostaglandins Leukot Essent Fatty Acids. 2006;74(4):247-54, http:// 
dx.doi.org/10.1016/j.plefa.2006.01.007. 

54. Verma RJ, Nair A. Ameliorative effect of vitamin E on aflatoxin-induced 
lipid peroxidation in the testis of mice. Asian J. Androl. 2001;3{3):217-21. 

55. Ghosh D, Das UB, Misro M. Protective role of alpha-tocopherol-succinate 
(provitamin-E) in cyclophosphamide induced testicular gametogenic 
and steroidogenic disorders: A correlative approach to oxidative stress. 
Free Radic. Res. 2002;36(11):1209-18, http://dx.doi.org/10.1080/107157 
6021000016472. 

56. Latchoumycandane C, Mathur PP. Effects of vitamin E on reactive 
oxygen species-mediated 2,3,7,8-tetrachlorodi-benzo-p-dioxin toxicity in 
rat testis. J Appl Toxicol. 2002;22{5):345-51, http://dx.doi.org/10.1002/ 
jat.866. 

57. Manna I, Jana K, Samanta PK. Intensive swimming exercise-induced 
oxidative stress and reproductive dysfunction in male wistar rats: 
Protective role of alpha-tocopherol succinate. Can J Appl Physiol. 
2004;29(2):172-85, http://dx.doi.org/10.1139/h04-013. 

58. Jedlinska-Krakowska M, Bomba G, Jakubowski K, Rotkiewicz T, Jana B, 
Penkowski A. Impact of oxidative stress and supplementation with 
vitamins E and C on testes morphology in rats. J Reprod Dev. 
2006;52(2):203-9, http://dx.doi.org/10.1262/jrd.17028. 

59. Zhou DX, Qiu SD, Zhang J, Tian H, Wang HX. The protective effect of 
vitamin E against oxidative damage caused by formaldehyde in the 
testes of adult rats. Asian J Androl. 2006;8(5):584-8, http://dx.doi.org/ 
10.1111/j.l745-7262.2006.00198.x. 

60. Guney M, Ozguner F, Oral B, Karahan N, Mungan T. 900 MHz 
radiofrequency-induced histopathologic changes and oxidative stress 
in rat endometrium: protection by vitamins E and C. Toxicol Ind Health. 
2007;23(7):411-20, http://dx.doi.org/10.1177/0748233707080906. 

61. Devrim E, Ergiider IB, Kili^oglu B, Yaykash E, Cretin R, Durak J. Effects of 
Electromagnetic Radiation Use on Oxidant/ Antioxidant Status and DNA 
Turn-over Enzyme Activities in Erythrocytes and Heart, Kidney, Liver, 
and Ovary Tissues From Rats: Possible Protective Role of Vitamin C. 
Toxicol Mech Methods.2008;18(9):679-83, http://dx.doi.org/10.1080/ 
15376510701380182. 

62. Mailankot M, Kunnath AP, I Jayalekshmi H, Koduru B, Valsalan R. 
Radio frequency electromagnetic radiation (RF-EMR) from gsm (0.9/ 
1.8ghz) mobile phones induces oxidative stress and reduces sperm 
motility in rats. Clinics. 2009;64(6):561-5, http://dx.doi.org/10.1590/ 
S1807-59322009000600011. 

63. Kumar S, Kesari KK, Behari J. The therapeutic effect of a pulsed 
electromagnetic field on the reproductive patterns of male Wistar rats 
exposed to a 2.45-GHz microwave field. Clinics. 2011;66(7):1237-45, 
http://dx.doi.org/10.1590/S1807-59322011000700020. 



792 



